Electrical manipulation of magnetization through spin-orbit torque (SOT) has been widely investigated in multilayer heterostructures and bulk non-centrosymmetric conductors/semiconductors 1 . For multilayer heterostructures such as heavy metal/ferromagnet (HM/FM) bilayers, the SOT is considered to arise from the spin Hall effect (SHE) [2] [3] [4] in the HM [5] [6] [7] and/or the Rashba effect 8 at the interfaces [9] [10] . According to the scenario of SHE, a spin current generated from HM is transferred to FM, exerting a spin transfer torque on FM. The torque efficiency is therefore significantly dependent on the spin current transmission transparency 11 and the spin relaxation 12 at the interface. The Rashba effect in HM/FM bilayers originates from the structural inversion asymmetry (SIA). With the Rashba spin-orbit interaction, non-equilibrium spin density of conduction electrons is generated in FM near the interface, which couples with the magnetic moments. For both effects in HM/FM bilayers, the switching current density (Jc) is proportional to the thickness (tFM) of the FM layer due to the interface nature of the torque. Therefore, in order to achieve magnetization switching with low power consumption, an ultra-thin FM with a few atomic layer thickness is often used, which makes it difficult to achieve high thermal stability. For bulk non-centrosymmetric conductors/semiconductors, current induced magnetization switching has also been observed, such as in ferromagnetic semiconductor (Ga,Mn)As 13 (10) (11) (12) (13) (14) (15) these single layers, the current-induced non-equilibrium spin polarization generated uniformly in the bulk of the magnetic layer is able to exert a torque on local magnetic moments. Therefore, this switching behavior should not have thickness constraint. However, the current induced switching in single-layer (Ga,Mn)As, CuMnAs, and Mn2Au is indeed magnetization rotation in the film plane, and the readout process utilizes the anisotropic magnetoresistance (AMR) effect, which is not conducive for ultra-high density storage.
In previous studies, it is commonly believed that the generation of SOTs would require either broken inversion symmetry 16 that leads to inverse spin galvanic effect (iSGE) or an extra layer (HM layer et. al.) with strong spin orbit coupling that leads to SHE. In this work,
we demonstrate the observation of SOTs and current-induced perpendicular magnetization switching in L10 FePt single layer without extra heavy metal layer. We find the SOT in FePt has strong dependences on the thickness and the chemical ordering of the films, which cannot be simply interpreted by iSGE-SOT. In application, the high efficient electrical switching in L10 FePt will be of high interest to the industry because it enables memory cell with sufficient thermal stability to scale down to 3 nm due to its ultra-high perpendicular magnetic Hall bar. With a fixed in-plane magnetic field (Hx = -1,000 Oe) along the negative current direction, we observe a deterministic magnetization switching behavior ( Each image is taken 10 seconds after applying a current pulse to ensure that the magnetic morphology is in equilibrium state. The switching first happens at the center part of the current path ( Fig. 1d and Fig. 1j ), where the current density is higher than that in the Hall crossing area because of less shunting effect. The switched area gradually expands with increasing current density and finally fills the whole film (Figs. 1e-h and Figs. 1k-n). From the evolution, we conclude that the SOT induced switching in FePt films occurs via nucleation processes.
To systematically study the current-induced magnetization switching behavior in L10
FePt, we measure its field dependences in 6 and 20 nm films. Figs. 2a and 2b present the current-induced switching loops under various in-plane magnetic field Hx ranging from -6,000 Oe to 6,000 Oe. We observe that the switching current density Jc decreases with increasing Hx as summarized in Fig. 2c , which is consistent with the standard SOT switching of perpendicular magnetization. However, it is surprising to see that Jc for the 20 nm FePt film (7.0×10 6 A/cm 2 ) is at least three times lower than that for the 6 nm FePt film (2.6×10 The average value and standard deviation for the 5 devices are presented as data point and vertical error bar, respectively. The horizontal error bar comes from the errors in integration
